Comparison of a large and small-calibre tube drain for managing spontaneous pneumothoraces  by Benton, Ian J. & Benfield, Grant F.A.
Respiratory Medicine (2009) 103, 1436e1440ava i lab le a t www.sc iencedi rec t .com
journa l homepage : www.e lsev ie r . com/ loca te / rmedComparison of a large and small-calibre tube drain
for managing spontaneous pneumothoracesIan J. Benton a, Grant F.A. Benfield b,*a Countess of Chester Hospital NHS Foundation Trust, Chester, Cheshire CH2 1UL, UK
b Department of Respiratory Medicine, Ysbyty Gwynedd, Penrhosgarnedd, Bangor, Gwynedd LL57 2PW, UK
Received 17 September 2008; accepted 26 April 2009




Drain calibre* Corresponding author. Tel./fax: þ
E-mail address: grant.benfield@n
Benfield).
0954-6111/$ - see front matter ª 200
doi:10.1016/j.rmed.2009.04.022Summary
To compare treatment success of large- and small-bore chest drains in the treatment of spon-
taneous pneumothoraces the case-notes were reviewed of those admitted to our hospital with
a total of 73 pneumothoraces and who were treated by trainee doctors of varying experience.
Both a large- and a small-bore intercostal tube drain system were in use during the two-year
period reviewed. Similar pneumothorax profile and numbers treated with both drains were re-
corded, resulting in a similar drain time and numbers of successful and failed re-expansion of
pneumothoraces. Successful pneumothorax resolution was the same for both drain types and
the negligible tube drain complications observed with the small-bore drain reflected previously
reported experiences. However the large-bore drain was associated with a high complication
rate (32%) with more infectious complications (24%). The small-bore drain was prone to
displacement (21%). There was generally no evidence of an increased failure and morbidity,
reflecting poorer expertise, in the non-specialist trainees managing the pneumothoraces. A
practical finding however was that in those large pneumothoraces where re-expansion failed,
the tip of the drain had not been sited at the apex of the pleural cavity irrespective of the
drain type inserted.
ª 2009 Elsevier Ltd. All rights reserved.Introduction
In the management of spontaneous pneumothoraces (SPNs)
there is a current trend of using smaller calibre (6-12F)
intercostal tube drains (ITDs) when attempting to re-44 (0)1248 384330.
ww-tr.wales.nhs.uk (G.F.A.
9 Elsevier Ltd. All rights reservedexpand the lung using an underwater seal. This approach
has been advocated by current UK Guidelines1 produced by
the British Thoracic Society (BTS) and a high rate of success
has often been quoted. 2e5 These conclusions are based on
single drain studies with no direct comparisons of drain
type or size.2,3,5e10 Moreover these studies often included
a high proportion (60e100%) of iatrogenic pneumothoraces
e associated with more rapid resolution e rather than the
spontaneous variety2,6e10 and some studies contained small
numbers.2,6 The evidence level is predominantly Grade IV.
Spontaneous pneumothorax and chest drain calibre 1437consisting of either single tube observational studies or
consensus statements 4,11 so it is difficult to know how
small-calibre ITDs compare in terms of efficacy and
morbidity to the large-bore ITDs, for example the long-
established Argyle drain inserted via a trocar following
blunt dissection of the chest wall insertion site. The one
comparative study that has been undertaken12 and which
constituted Grade III evidence, compared a 9F with a 20-
32F ITD in 67 SPNs. They reported that both ITDs were
equally effective in resolving SPNs but there was a higher
combined prevalence of complications and recurrences in
the small-bore ITD. This is contrary to the experience
reported in single tube studies and the BTS guideline which
imply that small-bore ITDs are equal, if not superior, to the
older large-calibre tubes. The influence of correct tube
siting does not appear to have been formally addressed in
any study, either because this was not regarded as relevant
or an assumption was made that ITDs were invariably
optimally sited at the apex. As both types of ITD are still
currently in use and the one retrospective comparative
study of ITDs of different calibre has, somewhat unex-
pectedly, suggested more complications with the small-
bore tube, it seemed appropriate to undertake a compara-
tive study in our hospital at a time when both small- and
large-bore ITDs were concurrently available. Although
recently there has been concern expressed about training
and clinical governance issues over relatively inexperienced
trainee doctors inserting ITDs, the procedure was, and still
is, undertaken by a variety of trainee emergency staff in
virtually all district general hospitals. Given also the
reduced levels of opportunity to insert ITDs by an increased
number of trainees, few of whom are specifically trained in
respiratory medicine, it was felt desirable to also address
the influence of the subsequent drain tip positioning when
assessing the success or failure of tube drainage so
undertaken.Table 1 Characteristics of pneumothoraces treated
initially by either aspiration or ITD insertion.
Male Female Primary Secondary Large Small
Aspiration first 25 8 19 14 21 12
Direct ITD
insertion
25 6 15 16 29 2
p Value ns ns <0.01Methods
The medical and radiological records of all patients
admitted to from a catchment population of 180,000, with
a primary diagnosis of a SPN, over a two-year period, were
reviewed. During this period both a large- and small-calibre
ITD were available on the Medical Admissions Unit of
the main admitting hospital serving North West Wales. The
small-calibre drain e SIMSPortex (12F) e utilised the Sel-
dinger (guidewire) system of insertion whereas the large-
calibre drain e Argyle (20-24F) e was inserted via the
well-established tube-and-trochar system following blunt
dissection. The choice of the initial ITD used was based on
the clinician’s preference, size of SPN and assessment of
the patient’s condition. Initial needle aspiration could be
undertaken if thought appropriate, but if unsuccessful an
ITD was inserted and re-expansion of the SPN was effected
via a standard underwater seal. Where persisting air leaks
developed continuous suction of 1e3 kPa was implemented
supplemented, in resistant air leaks, by blood patches.
The following information was obtained for each
patient: age, sex, primary or secondary pneumothorax, any
initial needle aspiration attempted prior to insertion of an
ITD, drain type inserted, drain tip position, drain failure,drain displacement (‘fell out’), any complications during
tube drainage and duration of drainage before successful
re-expansion.
The size of the pneumothorax was based on the classi-
fication of the British Thoracic Society Guideline,1 namely
‘small’ if the distance from the pneumothorax edge to the
inner chest wall was <2 cm and ‘large’ if the distance was
2 cm. Positioning of the ITD tip was identified by the chest
X-rays as apical, mid-zone or basal. Tube complications
included: the development of widespread subcutaneous
emphysema, drain site or intra-pleural sepsis. A drain was
recorded as having failed if the tube became blocked or
where there was a failure of lung re-expansion despite
a patent ITD and manoeuvres by the clinician to facilitate
a successful outcome. Chest drains that were displaced
were recorded as a failure by the physician to adequately
anchor and stabilise the tube drain assembly.
Analysis of data was undertaken using Students t-test for
continuous data and the chi-squared test (2 2 table) for
categorical data.
Results
Over the study period 73 admissions (54 male) with
a primary diagnosis of SPN were recorded. Median age was
43 years (range 17e91 years). Primary SPNs were identified
in 35 (48%) patients with a median age of 35 (range 17e91)
and 38 secondary SPNs with a higher median age of 60
years (range 21e89 years, p< 0.002). Nine patients
received no intervention either because the pneumothorax
was very small (nZ 7) and observation only was deemed
adequate, or the patient refused treatment or an invasive
procedure was judged inappropriate. No patients in this
group were subsequently re-admitted or included further
in the study analysis. The remaining 64 pneumothoraces
deemed to require intervention (50 large), were either
managed by immediate ITD insertion (31) or by initial
syringe aspiration (33) through a Venflon intravenous 14G
cannula and 3-way tap.
Simple aspiration was successful in the 8/21 large SPNs
and 7/12 small SPNs selected. The 18 SPNs (13 large) not
resolved by aspiration were subsequently managed with an
ITD together with the 29 large and two small SPNs that
underwent tube insertion directly.
The characteristics of SPNs treated by either initial
cannula aspiration or immediate ITD insertion are sum-
marised in Table 1. Whether the SPN was primary or
secondary did not influence the decision to either aspirate
first or proceed directly to an ITD insertion. The decision to
either aspirate first or proceed directly to ITD insertion was
Table 3 Treatment outcome, complications and drainage






Drain success (%) 21 (88) 20 (80) ns
Drain displacement (%) 5 (21) 2 (8) ns
Drain blocked (%) 1 (4) 2 (8) ns
Complications (%) 1 (5) 8 (32) <0.02
Subcut. emphysema 1 2
Drain site sepsis 0 3a
Intrapleural sepsis 0 4a
Drainage time
(Mean SD days)
3.3 2 4.7 2 ns
a Includes a single patient.
1438 I.J. Benton, G.F.A. Benfieldinfluenced by the size of the SPN insofar as in the majority
of small SPNs cannula aspiration was the initial treatment
of choice, reflecting the recommendation of the BTS
guideline. Conversely initial cannula aspiration, as also
recommended, was attempted in fewer than half (42%) of
the large SPNs, with the remainder being deemed by the
clinician to require immediate ITD insertion (p< 0.01).
Details of the SPNs treated by immediate or eventual ITD
insertion (Table 2) indicated comparable SPN characteris-
tics between the two ITD groups. However the few small
SPNs that were selected for ITD insertion were more likely
to receive the SIMSPortex drain.
The positioning of the ITD at the apex of a SPN was
significantly more successful with the Argyle drain.
The treatment outcome, drain complications and
drainage time following insertion of the ITDs are shown in
Table 3. The success or failure of both small- and large-
calibre ITDs was not significantly different and there were
similar numbers of failed ITDs in both groups. The mean
drainage time for the large-calibre Argyle reflected a trend
towards longer drain times required than those for the
SIMSPortex, although this did not reach statistical signifi-
cance. Five (21%) SIMSPortex and two (8%) Argyle ITDs
became displaced (‘fell out’) following insertion, although
the difference was not significant..
Use of the Argyle drain was associated with a signifi-
cantly higher number of complications. Subcutaneous
emphysema occurred with three ITDs (two Argyle), drain
site sepsis with three Argyle ITDs and intrapleural sepsis
with four Argyle ITDs. No infection was encountered where
SIMSPortex drains were used. Analysis of instances of drain
failure (Table 4) indicated a significant (p< 0.05) associa-
tion with positioning of the ITD tip outside the apex of the
pleural cavity. All such failures occurred with large SPNs
and represented a 29% failure rate for those large SPNs
treated with an ITD positioned other than at the apex. All
eight drains failed because of either complete blockage of
the tube by debris and exudate or intermittent occlusion by
the lung and had to be replaced by apically-sited drains. All
small SPNs treated with an ITD were successfully re-
expanded regardless of tip position.
Discussion
All pneumothoraces have traditionally been managed by
the insertion of a large-calibre ITD following blunt dissec-
tion of the chest wall at the insertion site. Following the
widespread use of small-bore catheters for draining
abscesses and empyemas elsewhere under X-ray control,Table 2 Characteristics of 49 pneumothoraces receiving
an intercostal tube drain.
SIMSPortex Argyle p Value
Number 24 25 ns
Failed aspiration 9 9 ns
Primary pneumothorax 12 12 ns
Small pneumothorax 6 1 <0.05
Tip at apex (%) 4 (17) 11 (44) <0.05the practice has been progressively adopted for thoracic
empyemas, effusions and pneumothoraces. A number of
studies and surveys of respiratory physicians’ preferences11
have demonstrated an acceptance of their efficacy and
a preference for small-calibre ITDs in the treatment of
pneumothoraces. However these views are based on
uncontrolled, single tube observational series rather than
comparative studies. Moreover a large number of the
patients studied had iatrogenic pneumothoraces which
arise by different mechanisms, often seal quickly and
generally resolve faster than the spontaneous variety. Our
retrospective comparative study is similar to that of Vedam
and Barnes, the only other comparative study comparing
large- and small-bore tube drains. They concluded that
both tube systems were equally effective in resolving SPNs
but there was a higher prevalence of combined complica-
tions and recurrences with use of the small-bore ITD (42%)
than with the large-bore ITD (16%). This is at odds with
other single tube observational studies where small-bore
ITDs, utilizing the widely familiar guidewire ‘Seldinger’
approach, demonstrated low numbers of complications.
Low rates in such non-comparative studies might however
be due to selection bias creating apparent, rather than
real, advantages of small-bore ITDs, or reflect a higher level
of operator expertise within the study protocols, with
a consequently low level of complications.
The data obtained in our study on the approaches to
resolving SPNs reflected that of a heterogeneous group of
trainee hospital doctors with varying degrees of expertise
in managing SPNs. Both ITDs investigated were available
and it seems reasonable to assume that, in the majority of
instances, the type of ITD that an individual operator feltTable 4 Influence of drain positioning and pneumothorax
size on success or failure to drain a spontaneous
pneumothorax.
SIMSPortex (nZ 24) Argyle (nZ 25)
Apex Fail Non-apex Fail Apex Fail Non-apex Fail
Large 3 0 15 3* 11 0 13 5*
Small 1 0 5 0 e e 1 0
*p< 0.05.
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retrospective nature of the study, the sex distribution, type
and size of SPNs in the two initial treatment groups was
similar. The difference in initial drainage approach
between large and small SPNs broadly reflected the
guideline recommendations. The characteristics of the two
groups receiving an ITD, whether as immediate treatment
or following unsuccessful needle aspiration, were also the
same. The only exception in the two groups of patients was
the use of SIMSPortex drains in six of the seven small SPNs
so treated, of which five had persisted following initial
cannula aspiration. This group was small and the SPNs
subsequently resolved rapidly with an ITD without incident,
even those which had not resolved following initial aspira-
tion. Small SPNs were not included in the comparison of
drain failure.
The approach to managing SPNs appeared to broadly
reflect the current recommendations of the BTS. Thus the
majority of small SPNs were managed by initial cannula
aspiration although more large SPNs could have undergone
at least one cannula aspiration as is recommended. The
decision to employ an ITD as initial management instead of
the recommended aspirations possibly reflected either
a lack of confidence in the latter approach, lack of exper-
tise, or ignorance of its effectiveness in large SPNs, albeit
less so than in small SPNs. Such non-compliance of estab-
lished guidelines for the management of SPNs has previ-
ously been highlighted.13
The current study broadly reflected the conclusion of
Vedam & Barnes in that drain calibre did not affect the rate
of success. In our study we also looked for the influence on
drain success from the positioning of the drain tip following
insertion. It may seem self-evident that an ITD will function
better if the tip is sited at the top of the pleural cavity
rather than elsewhere with the risks of consequent expo-
sure to pleural exudate or envelopment by lung resulting in
either a blocked tube or a persisting air leak with conse-
quent intermittent and incomplete lung re-expansion. We
are not aware that such a factor has been previously
assessed and it did not appear to be a prime consideration
to the operators who inserted the ITDs in this study. The
majority of ITDs were sited in the mid-zone or at the base
of the pleural cavity. The data indicate that the positioning
of the tip was important. Nearly 1 in 3 (29%) of ITDs inserted
for large pneumothoraces and not positioned at the apex
resulted in failure of re-expansion due to the above
mechanisms. Failure led to further inevitable and unnec-
essary ITD insertions. Thus the drain position of an ITD does
have a significant influence on success of the procedure in
treating large SPNs. Why successful re-expansion of
a presumed equally re-expanding lung should depend on
tube position is open to conjecture. Many large SPNs
resolved satisfactorily despite the non-apical positioning of
the tube drain. Of those that failed, four were primary and
three were secondary with an age range of 18e78 years so
these factors did not appear to influence success or failure.
Factors that might contribute to persisting air leaks and
incompletely expanding lungs might include a larger lung
defect reducing the rate of expansion, development of an
exudate and non-uniform lung re-expansion intermittently
obstructing the drain holes. We experienced this phenom-
enon in some patients where drainage of air was dependanton body positioning and posture. Suction did not resolve
this issue suggesting that, for whatever reason, the lung
obstructed the drain in a manner which did not occur at the
apex. The effect of gravity in upright or semi-recumbent
patients and the distribution of lung mass could result in
the lower pleural cavity filling with re-expanding lung
before the apex. It was common radiologically to see free
apical pleural air when the rest of the pleural cavity was
obliterated in sub-optimally resolved SPNs. Perhaps unsur-
prisingly, such positioning issues were not important in the
small SPNs that were so treated.
In contrast to the problems encountered with drain
positioning, blocked tubes per se were not a significant
management issue, with only three instances (6%) arising,
these being in the ITD failure group of which two (8%) were
SIMSPortex drains. The complication rate compared
favourably with those stated in previous studies of small-
bore drains6,8,11,14 where blocked drains were reported in
2.4e14% in groups where it had occurred at all, the largest
figure arising in the small-bore drains (14%) reported by
Vedam and Barnes in the only previous comparative study.
Similarly tube displacement occurred in 14% of ITDs, most
occurring with the SIMSPortex drain (24%). Displacement in
the Argyle group arose in only 8%, a low figure considering
the technique required to insert, anchor and stabilise such
drains by a group of trainees within a non-specialist centre.
The relatively high rate in the SIMSPortex drains compares
with 1.3e21% in studies of small-bore ITDs5,6,8,11,14 the
larger figure occurring in a specialist unit.14 One explana-
tion for these two disparate rates might be that there
would be a self-evident need for care using large-bore
Argyle ITDs, with only relatively experienced doctors
inserting them. Conversely most doctors inserting SIM-
SPortex drains will be familiar with the guidewire technique
involved, but perhaps less aware of the importance of
securing the drains despite their small size, coupled with
a greater vulnerability to forceful displacement. We did not
study these aspects specifically but these issues have been
highlighted previously.14
A significantly higher local complication rate (32%) was
observed in those patients receiving a large-calibre Argyle
ITD. These were predominantly insertion site and intra-
pleural sepsis, reflecting the likelihood of infection either
being introduced during drain insertion or developing over
time poor stabilisation and anchoring of a large ITD and
dressing techniques at the drain site. The intra-pleural
sepsis was small, localised and resolved with antibiotics
without the need for additional tube drainage. Insertion of
large-bore ITDs is a complicated procedure involving blunt
dissection of the chest wall site, introduction and manip-
ulation of a large drain, suturing the drain with skin
stitching and large, occlusive dressings, all in a supposed
sterile area. Such an approach requires a level of expertise
and opportunity that progressively fewer UK trainees now
possess. In contrast the catheter-over-guidewire technique
is widely familiar to trainees from other applications and it
is relatively atraumatic for both patient and trainee, thus
facilitating a more straightforward and sterile procedure. A
low infection rate might be expected in such circumstances
and this was reflected in our experience (5%). Previous
studies of small-bore drains and SPNs did not document any
infective complications from such drains.
1440 I.J. Benton, G.F.A. BenfieldDrainage time was relatively short for both groups
although with a non-significant trend towards a longer
period for the large-calibre ITD.
This comparative study confirms that using a small-
calibre ITD is equally effective in the treatment of SPNs,
was easier to use and relatively atraumatic for both oper-
ator and patient and in our experience resulted in an
absence of infective complications and some reduction in
length of hospital stay. However in common with other
studies, drain displacement occurred in a significant
proportion of small-bore tubes. The larger Argyle ITD was
equally effective in SPNs, but infective complications were
the predominant disadvantage of this drain. Both ITD
groups raise issues of training and expertise in doctors
inserting drains, although our results indicated no signifi-
cant deviation from previously reported outcomes. The
success or failure when using ITDs is still dependent on
a sound technique and an appreciation of the principles of
successful drainage of a pneumothorax. Siting of the tube
at the apex was important in large SPNs regardless of the
ITD system utilised. Patients with malpositioned drains are
more likely to be subjected to an unacceptable risk of
failed re-expansion resulting in prolonged tube drainage,
tube failure and further ITD insertions.
The establishment of the superiority of one drain system
over another would be answered by large prospective
comparative studies (Level Ib evidence) in units with
a consistent level of specialist expertise in the use of both
guidewire-inserted and tube-and-trocar ITDs. This must be
set against the seemingly invariable use of small-bore
drains in the management of SPNs outside cardiothoracic
and trauma departments, mainly because of their ease of
use. It seems likely that given the diminishing opportunities
to develop the skills required for tube-and-trocar insertion,
then this drain system may ultimately be confined to those
disciplines where it is still preferred or is mandatory. The
requirement for the establishment of training schemes to
avoid the complications highlighted in this and other
studies of small-bore ITDs should address the consistent
problem of tube displacement as a result of the lack of
awareness of the importance of securing lightweight, small
and vulnerable drains. In addition the reduced likelihood of
successful re-expansion by ITDs not placed at the apex of
large SPNs in a significant proportion of patients, would also
seem to need addressing.Conflict of Interest Statement
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author has any financial or other connection with the
intercostal tube drain manufacturers. No funding was
requested or provided for this study.
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